Introduction
In situ measurements of stratospheric turbulence are important in order to verify the theorem of gravity-wave stress in the middle atmospheric dynamics [see Yamanaka and Tanaka (1984a) and references therein].
We have already performed an observation at 24-26km levels using sensitive propellor anemometers reeled down and up from balloon, and have reported on multiple gust layers probably associated with gravity waves just before breakdown (see Yamanaka and Tanaka, 1984c; Yamanaka et al., 1985b) . However, we could not detect such quick and weak fluctuations as measured so far by Barat's (1975 Barat's ( , 1982b anemometres ionique.
Many investigators have tried to apply ionized air generated by a corona discharge for tracers in various air flows [see Yamanaka et al. (1985a) and references therein].
For balloon-borne use, however, none of them could observe stratospheric turbulence longer than few hours, possibly because the corona discharge is transient and unstable.
Long duration observations are necessary to reveal the life cycles of layered turbulence, in particular those generated by long gravity waves which must be different from that of short waves (Yamanaka and Tanaka, 1984b mately limited by the Coriolis period (about 18 hours around 40* latitude), so that an observation duration longer than one day is requested to satisfy above-mentioned objectives perfectly.
Here we report briefly on the specifications of another type of balloon-borne ionic anemometer newly developed.
We utilized a kind of glow discharge studied originally by Sekiguchi et al. (1963) and Hirosawa et al. (1964) as the ion source of the new anemometer for long duration observations. Detailed descriptions on the principle and improvement of the anemometer will be given in a subsequent paper (Yamanaka et al., 1985a) . A quick look of original data obtained by the anemometer during the first flight carried out in September 1983 shows inhomogeneous fine structures inside a stratospheric turbulence layer.
Glow-discharge ionic anemometer
The glow-discharge anemometer newly developed has the form of a triode as shown in Fig. 1(a) . It was so far found out by Sekiguchi et al. (1963) that such a triode with a fine-mesh grid in gasses of 15-30 torr (20-40hPa) pressures behaves as a diode since a glow discharge occurs only on one side of the grid. Hirosawa et al. (1964) showed that the penetration rate of glow-discharge plasma toward the opposite side of the grid is strongly dependent upon the geometry of the grid. In the case of the anemometer described here, tially the same as those in the corona-discharge anemometers so far made (see, e. g., Good et al. 1978; Barat,1982b) .
On the other hand, from a viewpoint of the gaseous electronics, such a glow-discharge ion source as used here is superior to any corona-discharge sources especially in relation to stability and reproductivity.
Up to now we have not found any corona-discharge ion source adequate to our objectives mentioned in Section 1. The glow discharge can be maintained by a relatively lower gap voltage, so that we are almost free from cares of damages on other devices due to electric leakage from the gap-voltage power supply. We also notice, however, that the corona discharge has some merits ; low battery consumption and calibration in the normal pressure (see Barat, 1982a ). The electrode materials described in Fig. 1 (a) are selected on the basis of experimental trials aiming at high stability of the glow discharge during several tens of hours. Fig. 1(b) shows a glowdischarge anemometer for actual observa- air is ionized by a glow discharge between the anode and the grid (i.e., discharge cathode). Then a part of the positively ionized air penetrates through the cathode toward the third electrode (ration collector). The cation beam is drifted by a wind perpendicular to the electric field. Hence we can measure the wind velocity by detecting how the differntial electric current is generated between each segments of the participated cathode. tional use, which is entirely the same as the prototype shown in Fig. 1(a) except for some options to set it on the balloon gondola.
We studied the nature of the ion beam by replacing the collector by a copper disk partitioned into five concentric ring-lige segments of a collector. The results indicate that the ion beam density has an axially-symmetric Gaussian distribution (Fig. 2) , which is consistent to the diffusion theory for a continuous point source with a uniform advection voltage. The dimensions and distance of electrodes of the anemometer were determined mainly on the basis of such an ion beam density distribution.
obtained the linearity of the glow-discharge anemometer from those data [see Fig. 4 (b) ].
Concerning the pressure dependence of the linearity, wind-tunnel experiments led approximately to a simple relation as follows (see Fig. 5 ) :
We carried out two sophisticated experiments for calibrations.
First, we set the anemometer on a pendulum which produces a damped oscillation in a low-pressure chamber. Then the minimum sensitivity, 0.5cm/s, of the anemometer can be determined as the minimum oscillatory output distinguished from noises due to the glow discharge, the anemometer supports and so on (see Fig. 3 ). Next, the anemometer was set on the center of a turn-table placed in a constant flow inside a low-pressure wind-tunnel. Then the twocomponent differential currents of the anemometer became sine or cosine curves with amplitude modulations dependent on the pressure as shown in Fig. 4(a) . Comparing them with calculated component velocity of the wind, we table experiments : (a) the rotation angles (left), the anemometer outputs (centered two) and the pressure (right) ; (b) the calibration curve of the glowdischarge anemometer for the component wind velocity, u. Fig. 1(a) ] as designed by Good et al. (1978) .
It should be noted that noisy fluctuations and scattered data in Figs. 4(a) and (b) , respectively, are due to wind-tunnel turbulence, because the noises due to the discharge or the anemometer supports are negligibly small as clarified from the pendulum experiments. Results of the pendulum experiments also suggest that the response over the minimum sensitivity is independent from the horizontal wind azimuth.
Furthermore the dimension of cathode-collector space may be stable for any winds smaller than 10m/s ; the Reynolds number is lesser than the order of 102.
The specifications and characteristics of the glow-discharge anemometer is summarized in Table 1 . We can decide that this anemometer is sufficient to measure the stratospheric turbulence. Some details beyond the scope of this brief note are described in Yamanaka et al. (1985a) . where u is the wind velocity, and *I and *I are the differential and total currents, respectively, of the currents injected into two electrically insulated halves of the collector. It is interesting that the factor, *, is almost constant for pressures between 15-35 torr (20-40hPa) in spite of pressure dependence of the mobility and diffusion constant of ions.
In order to measure two-component winds, the collector was divided into four segments [see
Balloon observation and quick-look results
The first flight of the glow-discharge ionic anemometer was carried out at Sanriku Balloon Center of ISAS (39*N, 142*E) in 0732-2224 JST, 26 September 1983. The glow-discharge anemometers were mounted on two gondolas as shown in Fig. 6 . The lower gondola can scan the vertical through 1km by a winch (Matsuzaka et al., 1984) . The others are the same as those used in the balloon observation in 1982 (viz., Yamanaka and Tanaka, 1984c; Yamanaka et al., 1985b) . The achieved observation duration in the middle stratosphere is about 14 hours; note that this does not mean the life time of the anemometer but a limit of the balloon-tracking range. In this section anemometer mounted on the lower gondola during the first continuous vertical survey. We can distinguish "turbulence layers" from "laminar flows" in the data records in the same way as done so far by Barat (1975 Barat ( ,1982b . Vertical distribution of the turbulence layers seems to be concentrated in locally strong shear zones (see Fig. 7) ; three groups of turbulence layers may be related three negative (relative) shear zones. A concentrated zone has an "outer vertical scale", called by Barat, of some hundreds of meters.
This scale is consistent to turbulence layer thicknesses derived from the gravity-wave breaking theory (Tanaka, 1983; Yamanaka and Tanaka, 1984a, b) . Frequent existence of turbulence may be closely connected to induction of weak zonal winds in the middle stratosphere (Tanaka and Yamanaka, 1985) . Note that the wind data might include some horizontal and temporal wind variations because the gondola moved simultaneously in the horizontal direction with the balloon flight (*. Yamanaka et al., 1985b) .
We shall inspect a part of the wind records (indicated as "T" in Fig. 7 ), which shows a typical example of the stratospheric turbulence layers (see Fig. 8 ). Note that fluctuations have no correlations with the gondola rotations detected by a geomagnetic attitude (GA) sensor.
"Turbulent Flow-I" has clearcut boundaries at the top of "a" and the bottom of "b", and "Turbulent Flow-II" begins at "c" and continues below. It is very interesting that noticeably strong fluctuations are detected in surveying the levels marked by "a", "b", "c" , "d" and "e". The maximum amplitude of such fluctuations reaches almost 1m/s, and the vertical scales do not exceed 3m.
The fluctuation "a" is somewhat wavy and less turbulent, and we can find that similar but weaker features continue just below "a". The fluctuation "b" is also clear but thinner and weaker than "a". In "Turbulent Flow-I" two weak turbulent parts are also found between "a" and "b" . The maximum amplitudes and clearities of three thicker fluctuations ("c", "d" and "e") in "Turbulent flow -Il" becomes lesser in alphabetical order, i . e., as the amplitude decreases.
For an extended speculation, we assume here that these systematical fluctuations correspond to the stages of Kelvin-Helmholtz (KH) billow life cycle (see the illustration in Fig. 8 ) at the front edges of upward propagating gravity waves (*. Yamanaka and Tanaka, 1984a) . Referring to a numerical study on the KH billows by Tanaka (1975) , a KH billow with 2m thickness has about 10m horizontal scale and characteristic time scale of about 100sec when the wind gap is assumed to be 1m/s.
Thus we can vividly imagine that KH billows of the growing and matured stage appeared typically at "a" and "c" in Fig. 8 
